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Description
BACKGROUND

[0001] The presentinvention relates to a heat spreader
for conducting heat from a device and a method of making
the heat spreader. Electronic components are becoming
smaller while heat dissipation requirements are becom-
ing greater. In order to dissipate heat generated by these
electronic components, heat spreaders are utilized be-
tween the electronic component and a heat sink. Heat
spreaders can be made of a solid thermally conductive
metal. The solid conductive metal has a limited ability to
spread heat and has limited thermal conductivity char-
acteristics. Graphite sheets which contain benzene rings
are connected by covalent bonds having a stacked crys-
tal structure, and the graphite layers are connected by
van der Waals forces. The graphite sheets as a part of
a thermal conduction element are used to reduce of
hotspot occurring with electronics and electronic devices.
The thermal conduction element can conduct heat from
the source of heat to radiate heat efficiently.

[0002] To use as a heat conduction element, it was
necessary to mechanically contact the source of heat
closely, but there was concern of damaged due to stress
of a machine by contact with the source of heat and
clamping with installation parts because graphite gener-
ally has the property of being fragile and easy to collapse.
The graphite can be coated on the surface with resin or
aluminum or PET, but there was usually a problem that
the thermal conduction efficiency would suffer if thick-
ness of a coating part is large.

[0003] Japanese Patent No. 2008-28283 suggests
that embedded metal in a piece of graphite, a thermal
conduction element is formed wherein a part receives
heat from the source of heat which contacts the metal.
US 2009/095461 A1 describes a heat spreader whereby
pyrolytic graphite sheets are stacked together to form an
anisotropic heat conducting element.

SUMMARY

[0004] This invention relates to an anisotropic thermal
conduction element and a method of manufacturing the
same.

[0005] When graphite was arranged between a heat
source and the radiation of heat elements such as radi-
ation of heat fins, resin materials of silicone and epoxy
group were used for each conductive layer as adhesives,
but the thermal resistance due to the adhesive became
a problem.

[0006] This invention relates to a manufacturing meth-
od with an anisotropic thermal conduction element that
conducts heat from a thermal source efficiently in the
thickness direction.

[0007] The structure of the anisotropic heat conduction
element of this invention is an anisotropic thermal con-
duction element that can conduct heat from heat source.
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This structure is stacked graphite sheets having a rela-
tively high thermal conductivity in the thickness direction
and another direction in the plane formed by the stacked
sheets and having a relatively low thermal conductivity
in another direction of the plane formed by the stacked
sheets. At least two of the stacked sheets contact the
thermal source, and the structure formed by the at least
two stacked sheets is at least partially coated forming a
support part of the anisotropic thermal conduction ele-
ment.

[0008] According to the above-mentioned structure,
the structure consists of stacking graphite sheets having
a high thermal conductivity in a direction of a plane of at
least two graphite sheets and in the thickness direction
of the anisotropic heat conduction element to conduct
the heat of the heat source effectively. The anisotropic
heat conduction element can have a relatively low ther-
mal conductivity in the stacking direction of the aniso-
tropic heat conduction element. Also the structure is at
least partially surrounded by a coating. The coating forms
the support part. Therefore, damage by the stress of the
machine from clamping is avoided in the contact between
the heat source and installation part.

[0009] In another embodiment, there is a metal layer
is formed at the contact surface with the heat source.
The anisotropic heat conduction element will be able to
connect to the heat source by soldering to the metal layer
easily.

[0010] Inanother embodiment, thereis aceramiclayer
formed at the contact surface with the heat source. The
anisotropic heat conduction element will be able to con-
duct heat effectively from the heat source and insulate
the anisotropic heat conduction element from undesired
electrical conduction.

[0011] In another embodiment the mechanical
strength of the anisotropic heat conduction element is
improved by impregnating the structure with resin.
[0012] In another embodiment heat conduction effi-
ciency is increased significantly by using highly oriented
pyrolytic graphite as the stacked graphite sheets thereby
having thermal conductance higher than normal graph-
ite.

[0013] In another embodiment heat conduction effi-
ciency is increased significantly by using highly oriented
pyrolytic graphite as the stacked graphite sheets in the
anisotropic heat conduction element thereby giving a
thermal conductance of more than 1,500W / mK by using
a highly oriented pyrolytic graphite which can be
achieved by the product with a brand name PYROID®
HT made by MINTEQ International Inc. of New York, New
York.

[0014] In another embodiment, the anisotropic heat
conduction element has an installation part or installation
means which permits the heat source to be installed ad-
jacent the support part, and fixes a heat source without
causing damage to the structure body by establishing
the installation part which can be in the supporting part.
[0015] In another embodiment, the anisotropic heat
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conduction element can be in combination with an elec-
tric or electronic device.

[0016] The anisotropic heat conduction element can
be made by a manufacturing method wherein a coating
process covers the structure formed by the stacked
graphite sheets and forms a support part or parts. A cut-
ting process cuts across the stacking direction after the
coating process, and after the cutting process, a surface
treatment process can be carried out.

[0017] In another embodiment the method of manu-
facturing includes an impregnation step for impregnating
resin to the above structure before the above mentioned
coating process. The impregnation step can further im-
prove the mechanical strength of the anisotropic heat
conduction element by impregnating resin to the struc-
ture.

[0018] In another embodiment many structures are
stacked in the stacking direction and coated thereby
forming a support part or parts as a unit and produces
an anisotropic thermal conduction element having alarge
contact area with the transmission of heat by the stacking
of many structures further along by stacking direction.
[0019] According to this invention, a method of manu-
facturing an anisotropic thermal conduction element is
disclosed and an anisotropic thermal conduction element
that can conduct heat from a thermal source efficiently
in the thickness direction and maintain strength.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 shows an embodiment of an anisotropic ther-
mal conduction element of the present invention;
FIG. 2 shows an example of the structure of a graph-
ite sheet;

FIG. 3 shows the thermal conduction direction of the
anisotropic thermal conduction element of the
present invention;

FIG. 4 shows an embodiment of the manufacturing
method of the anisotropic thermal conduction ele-
ment of the present invention;

FIG. 5 shows an embodiment of the manufacturing
method of the anisotropic thermal conduction ele-
ment of the present invention;

FIG. 6 is an exploded view of the an embodiment of
the anisotropic thermal conduction element of the
present invention;

FIG. 7 shows a cross section of an embodiment of
the anisotropic heat conduction element of the
present invention; and

FIG. 8 shows a manufacturing method of highly ori-
ented pyrolytic graphite for an anisotropic thermal
conduction element by this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The invention will now be described in detail by
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reference to the following specification and non-limiting
examples.

[0022] Without further elaboration, it is believed that
one skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The fol-
lowing embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of
the disclosure in any way whatsoever.

[0023] Below is an explanation of an anisotropic ther-
mal conduction element and the manufacturing method
by this invention.

[0024] As seenin FIG. 1, an anisotropic thermal con-
ductive element 1 can conduct heat from heat source H.
A structure 3 of stacked graphite sheets forms a layer
along or opposed to the surface on thermal source, and
the structure 3 is coated on its surroundings by support
part 4.

[0025] AsseeninFIG. 2, the graphite sheet 2 consists
of a thickness from 0.25mm to 20mm and up to a size of
the 300 mm in both lateral dimensions or in the form of
a square. The graphite sheet 2 has hexagonal covalent
bonds in a stacked crystal structure, and the graphite
layers of each graphite sheet 2 are connected by van der
Waals forces. The graphite sheet 2 has a thermal con-
ductivity in the X - Y plane of the graphite sheet 2 of a
value greater than in the thickness direction, i.e. the Z
direction.

[0026] As seen in FIG. 3, the X - Y plane of graphite
sheet 2 of structure 3 can be part of an anisotropic thermal
conduction element 1 seen in FIG. 5, which utilizes the
high thermal conductivity in the X - Y plane by arranging
with a contact surface C seenin FIG. 3 with a heat source
H. The X-Y plane of the graphite sheets 2 can be at an
intersection and effectively perpendicular or at an angle
which is other than parallel to the contact plane of contact
with the heat source, and can conduct heat in the thick-
ness direction of structure 3 efficiently.

[0027] Shown in FIG. 4 is another embodiment of the
anisotropic thermal conduction element 1 of the present
invention. The manufacturing method of making an ani-
sotropic thermal conduction element of the present in-
vention is described by way of making reference to FIG.
4. The method includes a coating process step of cover-
ing atleast a portion of the structure 3 of stacked graphite
sheets 2 thus forming support parts 4 and then a cutting
process step of cutting across the stacking direction after
the coating process. Optionally, after the cutting process,
a surface treatment process step can be carried out to
make a surface treatment to a section of structure 3 or
support part 4.

[0028] Resin forming support part 4 coats the surface
of structure 3 such that the coating becomes from a 0.5
mm to a 12 mm thickness by the coating process not
including the graphite thickness. With diamond cutters,
it can be processed by cutting with appointed intervals
or units set to from about 0.5 mm to 12 mm along planes
P as seenin FIG. 4 which are substantially perpendicular
toan X - Y plane of graphite sheets 2 after resin solidified
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by the cutting process. As a result, as shown in FIG. 1,
an anisotropic thermal conduction element 1 is provided.
[0029] A thermosetting resin such as phenol-based
resin, a fluorinate-based resin, an epoxy-based resin,
polyimide-based resin, or silicone-based resin is suita-
ble. Structure 3 is fixed in the appointed position in the
molding, and can coat the surface of structure 3 by resin
by adding a setting agent in thermosetting resin and mak-
ing a heat treatment and it is chosen in consideration for
heat-resistant temperature appropriately.

[0030] In addition, the thermoplastic resin, such as the
general-purpose polycarbonate which is engineering
plastic, the polyamineimides which are super engineer-
ing plastic, polyphenylene sulfide, polyether sulfone,
polyphenylene ether, polysulfone, tetrafluoroethylene.
[0031] Furthermore, in above thermoplastic resin and
thermoset resin, a resin can be used which improves a
heat resistance and dimensional stability for heat by us-
inginorganicfiller and a organic modified filler compound.
Furthermore, resin with an added amine group, silicone
group for cohesive improvement can be used.

[0032] In addition, a UV curable epoxy resin, acrylic
acid resin, silicone resin, and epoxy resin having partic-
ularly high coherency under high temperature environ-
ment can be used.

[0033] Besides resin, metal or ceramic materials can
be used as supporting parts 4, which can coat the sur-
rounding of the structure 3 by metal such as Al, Cu, Ni,
the Au, and the materials can be applied by either a dry
method such as sputtering or a wet method such as plat-
ing.

In addition, cohesion will improve by using a metal which
is easy to generally match with carbon or the alloys in
which an ingredient is included such as Ti, Ni, NiCr or Pt
as the undercoat.

[0034] The surrounding of the structure 3 can be coat-
ed by ceramic such as alumina, zirconia, silicon carbide,
boron nitride, or nitride aluminum. A dry method can be
used such as sputtering or hot press method after the
ceramic is made in the form of a slurry, and coated the
surrounding of the structure 3.

In addition, as mentioned above, graphite surface met-
allization can improve relief of the thermal stress and the
adhesion.

[0035] If an impregnation process is performed which
impregnates resin in structure 3 such as by vacuum im-
pregnation method before a coating process and, the me-
chanical strength of the structure can improve. The resin
used for impregnation is similar to the above, but it is
preferable to use epoxy resins or phenolic resins in par-
ticular.

[0036] In addition, when a coating thickness on struc-
ture 3 shown in FIG. 2 is thin, a plurality of stacked struc-
tures 3 stacked initially along by stacking direction of
graphite sheets and coated by support parts 4 as an unit
the stacked many structures 3 will be able to produce an
anisotropic thermal conduction element 1 having a large
contact area for transmission of heat H.
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Asseenin FIG. 5(a), a polishing process step of polishing
the surface of structure 3 can be performed after the cut-
ting process surface gets smooth by polishing apparatus
30 and the surface becomes clean. A film forming proc-
ess step forming metal layer M on the surface as men-
tioned in figure 5 (b) can be carried out.

[0037] Inthe film forming process, titanium Ti first layer
5 as an active species is formed on the surface of the
structure 3 and the supporting parts 4, and a nickel Ni
layer or copper Cu second layer 6 is formed on the top,
and gold Au third layer 7 can be formed on the second
layer more. It is preferable for a film thickness of each
metal layer to be around 0.3pum.

[0038] As a film manufacturing method, either a wet
method such as the plating method or a dry method such
as sputtering and vapor deposition can be used.

[0039] Because soldering cannot connect the graphite
structure 3 and heat source H directly, forming the metal
layer M in a film process and soldering metal layer 5 to
heat source H at the metal layer (M), so that structure 3
can be connected to heat source H strongly by soldering
through such metal layer(M). In this case because a film
thickness of metal layer M is around 1um there is almost
no reduction of thermal conduction.

[0040] Inaddition, whenitis necessary to conductther-
mal conduction and be in an electrically insulated state
with respect to heat source H, an insulation film can be
formed consisting of a ceramic easily by making a thermal
ceramic spray comprising ceramics such as alumina,
silundum, boron nitride, the nitriding aluminum on the
surface of structure 3 after the polishing process.
[0041] The adhesion performance of the ceramicinthe
thermal spray process can be improved by applying a
surface treatment which uses plasma or laser and acti-
vating the surface of structure 3 before the thermal spray
process.

[0042] Depending on the application, it is possible to
form a metal layer M and the ceramic layer in structure
3 on the front and back both sides of supporting parts 4.
Itis preferred to form the ceramiclayer only for the surface
of structure 3 which is opposes the heat source from the
viewpoint of heat resistance of support part 4.

[0043] In other words, a surface treatment process by
this invention is carried out by a coating process, or a
polishing process and thermal spraying process or com-
binations of those processes.

[0044] Furthermore, it is possible to fix heat source H
easily and strongly as seenin FIG. 5(c) withoutdamaging
structure 3 by forming screw hole 4a as an installation
partor means to any heat source H or heatsink to support
parts 4 which is a coating which can an encapsulation
which at least partially surrounds structure 3.

[0045] In addition, structure 3 can adhere by adhesion
by spreading an adhesive on a contact surface of struc-
ture 3 which contacts heat source H.

[0046] FIGs. 6 and 7 show an example of an embodi-
ment of the present invention for transmitting heat from
a heat source H using an anisotropic thermal conduction
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element 1 produced as described above.

[0047] The thickness direction of structure 3 conducts
heat through anisotropic thermal conduction element 1
from heat source H which adheres to or is connected to
ceramic board 10. Heat is transmitted in this example to
heat sink 11 arranged on the back of anisotropic thermal
conduction element 1. Anisotropic thermal conduction el-
ement 1 is sandwiched between ceramic board 10 and
heatsink 11, here a heat radiation fin, and ceramic board
10 and anisotropic thermal conduction element 1, aniso-
tropic thermal conduction element 1 and heatsink 11 are
in very close contact, and are fixed strongly by a fixing
means, screw 12 and nut 13 through screw hole 10a, 4a,
11 a formed in each.

[0048] In addition, in FIG. 7, reference numeral 8 iden-
tifies a solder layer, and reference numeral 9 refers to a
metal layer which were formed on ceramic board 10.
[0049] Itis suitable that a kind of highly oriented pyro-
lytic graphite is chosen as a structure 3 used for aniso-
tropic thermal conduction element 1 as described above.
It is possible to raise heat conduction efficiency drasti-
cally by using highly oriented pyrolytic graphite which has
athermal conductivity thatis higher than normal graphite.
[0050] It is preferable to use highly oriented pyrolytic
graphite having thermal conductivities more than 1,500W
/ mdegree K and a suitable example for use in particular
is brand name PYROID® HT made by MINTEQ Interna-
tional Inc in New York, New York.

[0051] Generally, thermal conductivity is caused by the
free electrons and the lattice vibration. The high thermal
conductivity (1000-2000W / m degree K) of diamond is
caused by lattice vibration, while the thermal conductivity
of the extremely anisotropic PYROID® HT graphite is
equal to or less than diamond due to both free electron
and the lattice vibration.

[0052] However, PYROID® HT pyrolytic graphite has
many useful characteristics, such as the following: den-
sity 2.22g/cc, tensile strength 28900kPa (a direction),
elastic modulus 50GPa (a direction), flexural modulus
33200MPa (a direction), coefficient of thermal expansion
0.6110-6/ degrees Celsius (a direction), 25*10-6/ de-
grees Celsius (c direction), thermal conductivity
1,700Watts / m degree K (a direction), 7Watts / m degree
K (c direction), 5.0210-4 electric specific resistance Qcm
(a direction), 0.6 Qcm (c direction), oxidation threshold
650 degrees Celsius (a direction), and permeability
10-6mmHg.

[0053] The thermal conductivity of PYROID® HT py-
rolytic graphite in the a direction of compared with other
materials thermal conductivity is extremely high, for ex-
ample about 6 times the values of aluminum nitride (AIN)
and the beryllia (BeO), and about 4 times the value of
the overall thermal diffusion of the material copper (Cu)
in particular.

In addition, the a direction is the laminating direction with-
in a plane direction of graphite sheets, the ¢ direction is
perpendicular to the a direction.

[0054] The density of PYROID® HT pyrolytic graphite
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is almost the theoretical density 2.3g/cc of the graphite,
and the elastic modulus 50GPa (a direction) is high so it
is easy to break when stressed such as during mechan-
ical vibration, and processing is not easy, but is possible
to maintain expected heat conduction performance with-
out breaking at the time of the processing, due to stress
of the machine at the time of the installation to the heat
source and the vibration of the machine after the instal-
lation because support by support parts 4 in the form of
a coating is formed on at least a part of the surrounding
of structure 3 as stated above.

[0055] PYROID® HT pyrolytic graphite is produced by
the CVD method as showninFIG. 8. 1n chamber 20 under
vacuum by a vacuum pump 21, hydrocarbon gas sup-
plied from cylinder 22 as raw material gas is decomposed
by heat by the gas being heated to more than 2,000 de-
grees Celsius by heater 23, and while minute carbon nu-
cleus C which deposit and crystallize on substrate 24,
stack and deposit in stratified formation, and PYROID®
HT pyrolytic graphite is produced.

[0056] PYROID® HT pyrolytic graphite is available in
thicknesses of from 0.25mm to 20mm, and can be pro-
duce as a board of a variety of sizes as large as 300 mm
square shaped structure by controlling stacking, deposit
time.

[0057] An anisotropic thermal conduction element 1 as
described above transmits heat from a heat source H.
Electronic devices such as a semiconductor integrated
circuit, a power semiconductor, a semiconductor laser,
and an electronic device which includes an anisotropic
thermal conduction element 1 with such a heat source H
can be utilized in many areas.

[0058] It can be used in particular in applications de-
manding vibration-resistance when used in anything au-
tomotive which have undergone remarkable electronic
advancement in recent years.

[0059] Accordingly, itis understood that the above de-
scription of the present invention is susceptible to con-
siderable modifications, changes and adaptations by
those skilled in the art, and that such modifications,
changes and adaptations are intended to be considered
within the scope of the present invention, which is set
forth by the appended claims.

Claims

1. An anisotropic thermal conduction element for con-
ducting heat from a heat source comprising:

a stack of pyrolytic graphite sheets, each of the
pyrolytic graphite sheets in the form of a plane
and having a high thermal conductivity in the
direction of the plane formed by each pyrolytic
graphite sheet and a low thermal conductivity in
the thickness direction of each pyrolytic graphite
sheet, the pyrolytic graphite sheets having a
contact surface for contacting the heat source
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across the thickness direction of the graphite
sheets characterised in that the stack of pyro-
lytic graphite sheets are at least partially coated
by a resin thus forming a support part of the an-
isotropic thermal conduction element.

The anisotropic thermal conduction element of claim
1 wherein a metal layer is formed where the pyrolytic
graphite sheets contact the heat source.

The anisotropic thermal conduction element of claim
1 wherein a ceramic layer is formed where the py-
rolytic graphite sheets contact the heat source.

The anisotropic thermal conduction element of any
one of claims 1 to 3 wherein the anisotropic thermal
conduction element is impregnated with resin.

The anisotropic thermal conduction element of any
one of claims 1 to 4 wherein the graphite sheets are
highly oriented pyrolytic graphite having a thermal
conductivity of more than 1,500W / mK.

The anisotropic thermal conduction element of any
one of claims 1 to 5 further comprising an installation
part for fixing the heat source to the support part.

The anisotropic thermal conduction element of any
one of claims 1 to 6 in combination with an electronic
device wherein the electronic device has a heat
source and the anisotropic thermal conduction ele-
ment conducts heat from the heat source.

A method of manufacturing the anisotropic thermal
conduction element of any of the preceding claims
comprising the steps of:

providing the stack of pyrolytic graphite sheets
such that each of the pyrolytic graphite sheets
is in the form of a plane and has a high thermal
conductivity in the direction of the plane formed
by each pyrolytic graphite sheet and a low ther-
mal conductivity in the thickness direction of
each pyrolytic graphite sheet;

providing a contact surface on the pyrolytic
graphite sheets for contacting the heat source
across the thickness direction of the pyrolytic
graphite sheets; characterised by coating the
pyrolytic graphite sheets at least partially with a
resin thus forming a support part of the aniso-
tropic thermal conduction element.

The method of manufacturing the anisotropic ther-
mal conduction element of claim 8 further comprising
the step of surface treating at least a portion of the
contact surface of the stack of pyrolytic graphite
sheets.
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10. The method of manufacturing the anisotropic ther-

mal conduction element of claim 8 or claim 9 further
comprising the step of impregnated resin in the stack
of pyrolytic graphite sheets before coating the graph-
ite sheets.

11. A method of manufacturing the anisotropic thermal

conduction element of claim 1 comprising the steps
of:

providing afirst stack of pyrolytic graphite sheets
such that each of the pyrolytic graphite sheets
is in the form of a plane and has a high thermal
conductivity in the direction of the plane formed
by each pyrolytic graphite sheet and a low ther-
mal conductivity in the thickness direction of
each pyrolytic graphite sheet; characterised by
coating thefirst stack of pyrolytic graphite sheets
at least partially with a_resin to form a coating
on the first stack of pyrolytic graphite sheets;
cutting the first stack of pyrolytic graphite sheets
across the thickness direction of the pyrolytic
graphite sheets to form a second stack of pyro-
lytic graphite sheets having the coating on at
least a portion of the second stack of pyrolytic
graphite sheets, the coating forming a support
part of the anisotropic thermal conduction ele-
ment thus formed and the second stack having
a contact surface for contacting the heat source
across the thickness direction of the pyrolytic
graphite sheets.

Patentanspriiche

Anisotropes Warmeleitelementzum Leiten von War-
me aus einer Warmequelle, Folgendes umfassend:

einen Stapel pyrolytischer Graphitplatten, wobei
jede der pyrolytischen Graphitplatten als eine
Flache ausgebildet ist und eine hohe Warme-
leitfahigkeit in der Richtung der Flache aufweist,
welche von jeder pyrolytischen Graphitplatte
ausgebildet wird, und eine geringe Warmeleit-
fahigkeit in der Richtung der Dicke jeder pyroly-
tischen Graphitplatte aufweist, wobei die pyro-
lytischen Graphitplatten eine Kontaktflache zum
Kontaktieren der Warmequelle Uber die Rich-
tung der Dicke der Graphitplatten hinweg auf-
weisen,

dadurch gekennzeichnet, dass

der Stapel pyrolytischer Graphitplatten mindes-
tens teilweise mit einem Harz beschichtet ist,
wodurch ein Tragerteil des anisotropen Warme-
leitelements ausgebildet wird.

2. Anisotropes Warmeleitelement nach Anspruch 1,

wobei eine Metallschicht ausgebildet ist, wo die py-
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rolytischen Graphitplatten die Warmequelle kontak-
tieren.

Anisotropes Warmeleitelement nach Anspruch 1,
wobei eine Keramikschicht ausgebildet ist, wo die
pyrolytischen Graphitplatten die Warmequelle kon-
taktieren.

Anisotropes Warmeleitelement nach einem der An-
spriiche 1 bis 3, wobei das anisotrope Warmeleite-
lement mit Harz impragniert ist.

Anisotropes Warmeleitelement nach einem der An-
spriiche 1 bis 4, wobei die Graphitplatten stark aus-
gerichtetes pyrolytisches Graphit mit einer Warme-
leitfahigkeit von mehr als 1.500 W/mK sind.

Anisotropes Warmeleitelement nach einem der An-
spriche 1 bis 5, weiterhin ein Montageteil zum Be-
festigen der Warmequelle an dem Tragerteil umfas-
send.

Anisotropes Warmeleitelement nach einem der An-
spriiche 1 bis 6 in Verbindung mit einer elektroni-
schen Vorrichtung, wobei die elektronische Vorrich-
tung eine Warmequelle aufweist und das anisotrope
Warmeleitelement Warme aus der Warmequelle lei-
tet.

Verfahren zum Herstellen des anisotropen Warme-
leitelements nach einem der vorhergehenden An-
spriche, die folgenden Schritte umfassend:

Bereitstellen des Stapels pyrolytischer Graphit-
platten, so dass jede der pyrolytischen Graphit-
platten die Form einer Flache aufweist und eine
hohe Warmeleitfahigkeit in der Richtung der Fla-
che aufweist, welche von jeder pyrolytischen
Graphitplatte ausgebildet wird, und eine geringe
Warmeleitfahigkeit in der Richtung der Dicke je-
der pyrolytischen Graphitplatte aufweist;
Bereitstellen einer Kontaktflache auf den pyro-
lytischen Graphitplatten zum Kontaktieren der
Warmequelle tber die Richtung der Dicke der
pyrolytischen Graphitplatten hinweg;
gekennzeichnet durch

Beschichten der pyrolytischen Graphitplatten
mindestens teilweise mit einem Harz, wodurch
ein Tragerteil des anisotropen Warmeleitele-
ments ausgebildet wird.

Verfahren zum Herstellen des anisotropen Warme-
leitelements nach Anspruch 8, weiterhin umfassend
den Schritt des Oberflachenbehandelns mindestens
eines Abschnitts der Kontaktflache des Stapels py-
rolytischer Graphitplatten.

10. Verfahren zum Herstellen des anisotropen Warme-
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1.

leitelements nach Anspruch 8 oder 9, weiterhin um-
fassend den Schritt des Harzimpragnierens in dem
Stapel pyrolytischer Graphitplatten vor einem Be-
schichten der Graphitplatten.

Verfahren zum Herstellen des anisotropen Warme-
leitelements nach Anspruch 1, die folgenden Schritte
umfassend:

Bereitstellen eines ersten Stapels pyrolytischer
Graphitplatten, so dass jede der pyrolytischen
Graphitplatten die Form einer Flache aufweist
und eine hohe Warmeleitfahigkeit in der Rich-
tung der Flache aufweist, welche von jeder py-
rolytischen Graphitplatte ausgebildet wird, und
eine geringe Warmeleitfahigkeit in der Richtung
der Dicke jeder pyrolytischen Graphitplatte auf-
weist;

gekennzeichnet durch

Beschichten des ersten Stapels pyrolytischer
Graphitplatten mindestens teilweise mit einem
Harz, um eine Beschichtung auf dem ersten Sta-
pel pyrolytischer Graphitplatten auszubilden;
Schneiden des ersten Stapels pyrolytischer
Graphitplatten tber die Richtung der Dicke der
pyrolytischen Graphitplatten hinweg, um einen
zweiten Stapel pyrolytischer Graphitplatten aus-
zubilden, welcher die Beschichtung auf mindes-
tens einem Abschnitt des zweiten Stapels pyro-
lytischer Graphitplatten aufweist, wobei die Be-
schichtung einen Tragerteil des so ausgebilde-
ten anisotropen Warmeleitelements ausbildet
und der zweite Stapel eine Kontaktflache zum
Kontaktieren der Warmequelle Uber die Rich-
tung der Dicke der pyrolytischen Graphitplatten
hinweg aufweist.

Revendications

1.

Elément thermoconducteur anisotrope pour la con-
duction de chaleur depuis une source de chaleur,
comprenant :

un empilement de feuilles de graphite pyrolyti-
que, chacune des feuilles de graphite pyrolyti-
que se présentant sous la forme d’'un plan et
ayant une forte conductivité thermique dans le
sens du plan formé par chaque feuille de gra-
phite pyrolytique et une faible conductivité ther-
mique dans le sens de I'épaisseur de chaque
feuille de graphite pyrolytique, les feuilles de
graphite pyrolytique ayant une surface de con-
tact pour I'entrée en contact avec la source de
chaleur a travers le sens de I'épaisseur des
feuilles de graphite,

caractérisé en ce que 'empilement des feuilles
de graphite pyrolytique est au moins partielle-
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mentrevétu d’une résine, formant ainsi une par-
tie de support de I'élément thermoconducteur
anisotrope.

Elément thermoconducteur anisotrope selon la re-
vendication 1, dans lequel une couche de métal est
formée la ou les feuilles de graphite pyrolytique en-
trent en contact avec la source de chaleur.

Elément thermoconducteur anisotrope selon la re-
vendication 1, dans lequel une couche de céramique
est formée la ou les feuilles de graphite pyrolytique
entrent en contact avec la source de chaleur.

Elément thermoconducteur anisotrope selon I'une
quelconque des revendications 1 a 3, 'élément ther-
moconducteur anisotrope étant imprégné de résine.

Elément thermoconducteur anisotrope selon I'une
quelconque des revendications 1 a 4, dans lequel
les feuilles de graphite sont en un graphite pyrolyti-
que fortement orienté ayant une conductivité ther-
mique supérieure a 1500 W/mK.

Elément thermoconducteur anisotrope selon I'une
quelconque des revendications 1 a 5, comprenant
en outre une partie d’installation permettant de fixer
la source de chaleur a la partie de support.

Elément thermoconducteur anisotrope selon I'une
quelconque des revendications 1 a 6, en combinai-
son avec un dispositif électronique ou le dispositif
électronique possede une source de chaleur etI’élé-
ment thermoconducteur anisotrope conduit la cha-
leur depuis la source de chaleur.

Procédé de fabrication de I'élément thermoconduc-
teur anisotrope selon I'une quelconque des reven-
dications précédentes, comprenant les étapes de :

fourniture de I'empilement de feuilles de graphi-
te pyrolytique de telle sorte que chacune des
feuilles de graphite pyrolytique se présente sous
la forme d’un plan et posséde une forte conduc-
tivité thermique dans le sens du plan formé par
chaque feuille de graphite pyrolytique et une fai-
ble conductivité thermique dans le sens de
I'épaisseur de chaque feuille de graphite
pyrolytique ;

fourniture d’'une surface de contact sur les
feuilles de graphite pyrolytique pour I'entrée en
contact avec la source de chaleur a travers le
sens de I'épaisseur des feuilles de graphite
pyrolytique ;

caractérisé par le revétement des feuilles de
graphite pyrolytique au moins partiellement
d’une résine formant ainsi une partie de support
de I'élément thermoconducteur anisotrope.
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9.

10.

1.

Procédé de fabrication de I'’élément thermoconduc-
teur anisotrope selon larevendication 8, comprenant
en outre I'étape de traitement en surface d’au moins
une portion de la surface de contact de 'empilement
de feuilles de graphite pyrolytique.

Procédé de fabrication de I'élément thermoconduc-
teur anisotrope selon la revendication 8 ou la reven-
dication 9, comprenant en outre I'étape d’'imprégna-
tion de résine dans I'empilement de feuilles de gra-
phite pyrolytique avant le revétement des feuilles de
graphite.

Procédé de fabrication de I'élément thermoconduc-
teur anisotrope selon larevendication 1, comprenant
les étapes de :

fourniture d’'un premier empilement de feuilles
de graphite pyrolytique de telle sorte que cha-
cune des feuilles de graphite pyrolytique se pré-
sente sous la forme d’un plan et posséde une
forte conductivité thermique dans le sens du
plan formé par chaque feuille de graphite pyro-
lytique et une faible conductivité thermique dans
le sens de I'épaisseur de chaque feuille de gra-
phite pyrolytique ;

caractérisé par le revétement du premier em-
pilement de feuilles de graphite pyrolytique au
moins partiellement d’'une résine afin de former
un revétement sur le premier empilement de
feuilles de graphite pyrolytique ;

coupe du premier empilement de feuilles de gra-
phite pyrolytique a travers le sens de I'épaisseur
des feuilles de graphite pyrolytique afin de for-
mer un second empilement de feuilles de gra-
phite pyrolytique ayant le revétement sur au
moins une portion du second empilement de
feuilles de graphite pyrolytique, le revétement
formant une partie de support de I'élément ther-
moconducteur anisotrope ainsi formé et le se-
cond empilement ayant une surface de contact
pour I'entrée en contact avec la source de cha-
leur a travers le sens de I'épaisseur des feuilles
de graphite pyrolytique.
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